The orientation of solar greenhouses has a significant impact on the ability of the solar 
and the degree of movement from the true south to the west or east should be less than 5 10°". 6 In the study of greenhouse orientation, many scholars have carried out a large number 7 of studies on the orientation of the glass greenhouse with double roofs. Dragicevic 8 (2011) have tried to find the optimum orientation of an uneven-span single shape 9 greenhouse and concluded that an east-west orientation should be preferred at latitudes 10 of 44ºN and 54ºN as it receives less solar radiation in summer and provides higher air 11 inside temperatures in winter. The amount of solar radiation received by five typical 12 greenhouses has been estimated using a mathematical model developed by Sethi (2009) 13 and the result recommended to use east-west orientation greenhouses at all latitudes on 14 the northern hemisphere. Gupta et al. (2012) have used three-dimensional shadow 15 analysis in AutoCAD to determine the best orientation for greenhouses and found that 16 an orientation of 45ᵒ movement from the true south to the west resulted in highest solar 17 collection during winter. El-Maghlany et al. (2015) analyzed the ability of receiving 18 solar radiation by greenhouses at different locations and orientations and proposed that 19 east-west orientation is most suitable for northern hemisphere applications, due to the 20 maximum amount of heat captured. Both the architectural features and the construction 21 forms of the double roofed glass greenhouse have great differences with the solar greenhouse discussed in this study, a calculation method suitable for solar greenhouse 1 optimal orientation is urgently needed. 2 Chinese scholar Wei (1999) concluded that the orientation of solar greenhouse should 3 be 5 ° movement from the true south to the west or to the east in the northern part of 4 China, and the same solar energy can be obtained by the solar greenhouse when the 5 degree of movement from the true south to the west or east is same. This conclusion is 6 based on the theory that the cumulative sunshine time of the morning is the same as the hemisphere, with the increase of latitude, the sunrise time becomes later, and the sunset is outdoor air temperature, in ℃.
11
In the morning, when Q1 ≥ Q2, Equation 3 could be obtained. Since this moment, the 12 thermal insulation curtain can be opened. 
where is tilt angle of south pitched roof of solar greenhouse, °; ht is the angle of solar 6 altitude at t time, °; t is the angle of solar azimuth at t time, °; γis the orientation of 7 solar greenhouse, °. Cumulative solar irradiation (S) through the south pitched roof: 16 The total solar radiation (S), in Joule, entering a solar greenhouse through plastic 17 sheeting has been accumulated for n days, and calculated using Equation 12, where qi is daily cumulative solar irradiation of the i th day, in Joule; n is the typical 4 winter time for off-season vegetable production in different place, from November 1st 5 to February 28th next year, in day. 6 By substituting Equations 7 to 11 into Equation 12, Equation 13 could be obtained, In fact, the atmospheric transparency coefficient P in Equation (14) is usually calculated 6 according to the statistics of the measured data (Yan et al., 1986 ). When set the typical winter time for off-season vegetable production as November 1st 4 to February 28th of next year. According to the Equation (14), the optimal orientation 5 of solar greenhouse in different geographic latitude can be calculated (Fig. 6 ). The 6 opening and closing time of thermal insulation curtain can be calculated by Equation 7 (5) and (6) . The parameters of the atmospheric transparency coefficient P and the solar 8 angle are calculated according to the typical meteorological year (TMY) in China. 11 12 According to the calculated results of Figure 6 , the fitting relationship between the 13 optimum orientation of the solar greenhouse and the geographical latitude can be obtained in Equation (15) 
Validation using simulation results

11
The simulation model used for the validation was developed according to a solar from the true south to the west, the obtained solar was at the peak value, demonstrating 16 the accuracy of the proposed model in this study. Table 1 as well, with a visualization in Figure 11 . In 9 Figure 11 , the symbol SW means the degree of movement from the true south to the 10 west.
11 The size of solar greenhouse structure is shown in Figure 7a , the critical period of crop 6 growth is set from November 1st to February 28th next year, the optimal opening and 7 closing times of the thermal insulation curtain can be calculated by the formula (5) and 8 formula (6), and outdoor temperature is based on the typical meteorological year data 9 (TMY) of Yinchuan, China. The results of the calculation are shown in Table 2 . 10 Compared with the experience value, the solar greenhouse based on the optimal 11 orientation can increase the solar radiation intake about 3.7GJ. 
13
Conclusions
17
On the northern hemisphere, the orientation of solar greenhouses has a significant selecting the optimal orientation is essential when designing a solar greenhouse. In this greenhouse in the morning is shorter than that in the afternoon. 13 2) A calculation model has provided that can be used to determine the optimal 14 orientation for solar greenhouses, with a consideration of the latitude of the application, 
